INTRODUCTION
7 chronic exposure to ethidium bromide on mitochondrial DNA and respiration in isolated clones were assessed by three methods. First, when cultured in enriched medium without uridine the clones exhibited greatly diminished cell survival (not shown). ρ 0 cells have been reported to become pyrimidine auxotrophs, suggesting respiration is defective in these cells (19) . Second, a PCR procedure was used to detect mitochondrial DNA sequences in DNA samples from parental cells and their respective clones. The PCR reaction was conducted as specified for 40 cycles in a thermal cycler using a primer set (L1-5'AACATACCCATGGCCAACCT3', and H1-5'GGCAGGAGTAATCAGAGGTG3') designated for the detection of total mitochondrial DNA (20) . Using this method, PCR products derived from mitochondrial DNA were detected in parental cells, but were absent in their ρ 0 clones (not shown). Finally, oxygen consumption rates in the isolated clones were approximately 15% of those observed in parental cells (see Fig. 3A ),
illustrating that the ρ 0 clones were functionally deficient in respiration. Treatment of ρ 0 clones was conducted 24 hours after culture in enriched medium without ethidium bromide.
Measurement of Oxygen Consumption in Cultured Cells-Oxygen consumption was
measured polarographically using a Clark-type oxygen electrode and YSI Model 5300 Biological
Oxygen Monitor (Yellow Spring Instrument Co., Yellow Springs, OH). Approximately 6 x 10 6 cells suspended in 3 ml of their respective culture media were added to a 3-ml respiration chamber in a circulating water bath at 37°C. Oxygen consumption was measured over a 10-minute period after equilibration of the electrode in the respiration chamber. Respiration rates for cells were normalized (nmol O 2 /min/10 6 cells) assuming an O 2 concentration of 220 µM in Intranucleosomal DNA fragmentation was evaluated using an apoptosis detection kit (Phoenix Flow Systems, Inc., San Diego, CA) that is based on the TUNEL technique. The reaction labels the 3'-hydroxyl termini of DNA fragmented during apoptosis with FITCconjugated dUTP (22) . Cells were also stained with PI as a relative indicator of DNA content.
After treatment, the cells were detached with trypsin. The cells were then combined with their respective culture medium that was removed prior to trypsinization. The cells were pelleted by centrifugation, fixed, and stained using the protocol provided in the apoptosis detection kit with limited modifications (6) . All flow cytometric procedures were performed on a Coulter XL flow cytometer and data analysis was accomplished using System II XL software (Coulter Corp., Miami, FL). Approximately 10,000 events (cells) were evaluated for each sample. In all cytofluorometric determinations, cell samples were initially gated to exclude cell debris and clumps.
Quantitative Measurement of Hydroperoxide Production-Rates of cellular hydroperoxide generation were determined using DCFDA as described previously (6) . Briefly, cells were seeded in their respective culture medium in 6-well tissue culture plates and allowed to attach and proliferate for 24 hours. The wells were washed twice with 2 ml of buffer A (Krebs-Ringer buffer containing 10 mM D-glucose, 120 mM NaCl, 4. 
RESULTS AND DISCUSSION

Kinetic Analysis of Events Associated with 4HPR-induced Cell Death in COLO 16 Cells-
Previous studies have used the oxidation of 2',7'-dichlorofluorescin to monitor 4HPR-induced hydroperoxide production (4-9), as well as the retention of cationic probes to monitor changes in ∆Ψ m promoted by 4HPR treatment (6, 9) . Thus, to gain a perspective on the importance of hydroperoxide production in 4HPR-induced cell death, a kinetic analysis of the salient features associated with this process was conducted using COLO 16 cells. The experiment depicted in Fig.1A shows a 30-minute exposure to 4HPR was sufficient to promote a shift in the mean DCF fluorescence intensity that was approximately five-fold higher than DMSO-treated control cells.
This experiment was repeated substituting DCFDA, which specifically reacts with hydroperoxides, with dihydroethidium (5 µM), which is oxidized to ethidium via superoxide 14 The antioxidant Vit-C can inhibit the prooxidant and apoptotic effects of 4HPR in COLO 16 cells (6) . This prompted examination of this agent to determine if it could also inhibit the decrease in respiration promoted by 4HPR. Exposure to Vit-C, while having no considerable impact on oxygen consumption at any of the time-points examined, was able to block the effects of 4HPR. In addition, the activity of 4HPR appears to be distinctly different from cyanide because the decrease in respiration promoted by cyanide was not markedly influenced when combined with Vit-C ( Fig. 2A) . These results suggest the prooxidant property of 4HPR is associated with the decrease in mitochondrial oxygen consumption.
We have reported previously that CsA can reduce 4HPR-induced hydroperoxide production in SCC cells. This led to the conclusion some of the ROS production was associated with MPT (6) . If this were the case, CsA, like Vit-C, should also inhibit the decrease in oxygen consumption promoted by 4HPR. However, a two-hour exposure to CsA alone also inhibited respiration in COLO 16 cells and only slightly suppressed the effect of 4HPR (Fig 2A) . The Since Vit-C could block the decline in respiration promoted by 4HPR treatment, we were interested to determine if it could also reverse this effect. COLO 16 cells were treated with 4HPR for two or four hours followed by an additional two-hour exposure to Vit-C. As shown in functions as a prooxidant in neuroblastoma cells. When these cells were cultured under hypoxic conditions, the cytotoxicity of 4HPR was significantly suppressed (7). Low oxygen conditions should favor decreased ROS production by reducing the amount of oxygen in the intercellular environment capable of undergoing non-enzymatic one-electron reduction (29) . Moreover, hypoxic conditions can inhibit respiration in isolated mitochondria (30) and intact cells (31) . In order to determine if mitochondrial respiration was necessary for 4HPR-induced hydroperoxide production and apoptosis, COLO 16 and SRB-12 cells were chronically exposed to ethidium bromide to inhibit mitochondrial DNA synthesis and produce ρ 0 clones. These clones exhibited rates of oxygen consumption that were approximately 15% of the rates observed parental cells (Fig. 3A) . Parental cells and ρ 0 clones were examined for 4HPR-induced hydroperoxide production over a two-hour period. As shown in Fig. 3B , parental cells exhibited rates of 4HPR-induced hydroperoxide production that were approximately seven-fold higher than DMSO- is not contingent on redox reactions because activating as well as inhibiting analogues reduced mitochondrial hydroperoxide production (39) . In addition, the ability CoQ 0 to inhibit uncoupled respiration in isolated mitochondria was not directly attributed to the regulation of MPT (40).
Characterization of the Mitochondrial Origin of 4HPR-induced Hydroperoxide
To determine if the prooxidant property of 4HPR was possibly linked to activity at a quinone-specific site, 4HPR-induced hydroperoxide production was examined in the presence of The CoQ analogues also blocked the enhanced hydroperoxide production obtained from the combination of 4HPR and HQNO. In this scenario, the inhibition was still essentially complete, slightly better than Vit-C, and far superior to CsA. Similar results were obtained using AA 21 instead of HQNO (not shown). The CoQ analogues had little or no effect on hydroperoxide production rates in rotenone-, AA-, myxothiazol-, or cyanide-treated cells (not shown). Thus, the inhibitory effect of the CoQ analogues appears to be highly specific for 4HPR-induced hydroperoxide production. A similar pattern of inhibition and enhancement of 4HPR-induced hydroperoxide production was observed in SRB-12 cells using the compounds and conditions described above (not shown). This would indicate that the prooxidant property of 4HPR
originates via a common mechanism in SCC cells.
The ability of CoQ analogues to block 4HPR-induced hydroperoxide production is probably associated with their capacity to reduce mitochondrial hydroperoxide production via interaction at Complex I rather than their ability to regulate MPT. This is concluded because
CsA was as effective as CoQ 0 and more effective than DB as an MPT inhibitor in isolated mitochondria, while CoQ 1 was completely ineffective in this respect (40) . In conclusion, the acute cytotoxic effects of 4HPR appear to be dependent on mitochondrial respiration in human cutaneous SCC cells. The precise mechanism through which 4HPR enhances hydroperoxide production remains to be determined and is outside of the scope (29, 34, 42) . Given the present results, it seems likely a definitive conclusion regarding the prooxidant property of 4HPR will be obtained from studies in isolated mitochondria rather than intact cells. However, the ability of 4HPR to promote MPT in SCC cells, as well as the apparent by-products of this process, specifically caspase activity and apoptosis, would seem to warrant continued examination of this agent in the war against cancer.
In the ρ 0 clones, which were selected by their ability to survive via glycolytic energy production (19) , the apoptogenic effects of 4HPR were greatly diminished. This would imply that 4HPR, and perhaps other structurally-related compounds, would be more appropriate for cancer prevention or early intervention in the process of carcinogenesis considering that many malignant tumors in vivo exhibit high rates of glycolysis independent of oxygen concentration characteristic of the Warburg effect (14, 43) . Finally, with increasing knowledge connecting mitochondrial manipulation to the death of cancer cells, agents like 4HPR, which appears to target the mitochondrion, can be potentially useful to prevent or treat skin as well as other cancers by exploiting endogenous apoptosis-inducing mechanisms. by guest on November 17, 2017 
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